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Electrical characteristics of Spectrolab textured, back-surface-
field back-surface-reflector, 2 x 4 x 0.029 cm N/P silicon solar cellsW) are presented in graphical and tabular format as a function of
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A series of reports is being generated to present parametric
characterization data on both state-of-the-art and developmental solar
cells of interest to the photovoltaic community. These data consist
of the electrical characteristics of the candidate solar cell under
a wide range of temperature and illumination intensity combinations
of the type encountered in typical space applications. This series
(JPL Publication 78-15) consists of a number of reports, each report
being devoted to a particular type of solar cell and identified by
a volume number. Previously published reports with their associated
solar cell descriptions are listed in the bibliography. Each re,:ort
consists primarily of working graphs and tables and does not address
itself to interpretive conclusions. Ti:- formating of this series of
reports is relatively invariant to facilitate comparisons between the
characteristics of any of the cell types considered in the series.
This report contains a set of parametric data on the Speotrolab textured,




The cells reported here were manufactured by Speotrolab and are
available as off-the-shelf space-qualified solar cells. These cells
are fabricated from crucible-grown P-type silicon, boron-doped to a
nominal resistivity of 10 ohm-cm. The cell dimensions are 2 x 4 x 0.029
cm (11 mils) thick. A back surface field is added by alloying a layer
of evaporated aluminum into the back of the cell. The electrical contact
on the top surface consists of solderless Ti-Pd-Ag in a 48-finger grid
pattern with a bus bar running the length of the long side. The rear
contact is A1-Ti-Pd-Ag. The antireflectance coating is Ta20 5 . No cover
slides were used on this test plate.
SECTION III
TEST PROGRAM
The solar cells were mounted on a copper test plate using RTV 560.
The test plate was in turn mounted to a heat sink with provisions for
both heating and cooling so that the cells could be maintained at the
desired temperature, independent of the solar intensity. A11 testing
was carried out in vacuum at a pressure of less than 1 x 10- 6 torr.
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The illumination source used was a Speetrclab Model X-25 Mark II
Spectrosun filtered solar simulator. This simulator uses an optical
integrator lens in the optical system which uniformly distributes a
relatively collimated light beam at specific distances from a 2.5-kW
short-are xenon lamp. A system of filters modifies the spectral distri-
bution so that it approximates that of space sunlight. The light beam
Provides a pattern having a uniformity of t1% over an area of 225 cm2
at the test plane. Illumination intensity is varied by position of
the simulator in combination with transmission filters. The solar
simulator beam is introduced into the vacuum chamber through a window
of 7940 fused silica. The solar intensity and spectral integrity of
the solar simulator are constantly monitored and maintained using space-
calibrated standard cells obtained with the NASA/JPL solar cell balloon
flight standardization program. Photographs of the solar cell, the
assembled plate, and the experimental characterization test facility
are shown in Figs. A-1 through A -4 in the appendix,
The temperature range covered in these measurements was -160 to
1400C, while the solar intensity range covered was 5 to 250 mW/cm2.
The data were taken at each environment point in the matrix in the
form of an I-V curve. The appropriate parameters were then read from
the I-V curves and punched on cards for the computer analysis and curve
plotting functions. The cell temperature was monitored by a thermocouple
attached to the surface of a separate cell mounted with the cells under
test. Prior, intermediate and post-test ambient measurements were
performed daily to insure that the accuracy and stability of the test
equipment and the test specimens themselves were maintained within
±2% during the course of the testing program.
After making the solar cell measurements over the above temperature
and intensity ranges, the test plate was mounted in the evacuated target
chamber of the JPL Dynamitron electron accelerator and irradiated with
electron fluences ranging from 5 x 10 12 to 2 x 10 15 a/cm2 . During
the irradiation the cells were maintained at 280C. I-V curves of the
solar cells were measured in situ before and after each irradiation using
an Aerospace Controls Model 302 filtered xenon AMO solar simulator. In
addition, after the cumulative fluence reached 10 14 a/cm 2 , the solar cells
were annealed for approximately 16 hours at 60 0C after each irradiation,
then remeasured. The results of solar cell electrical characteristics,
as a function of electron fluence, are shown in Figures 19 through 23•
Annealed cell data is used in the plots.
SECTION IV
DISCUSSION OF RESULTS
A computer program computes statistical averages and standard
deviations with respect to the measured cells for each intensity-temp-
a3	 erature measurement condition. It then produces summary tables., as shown
in Tables 1 to 7, that display averages and standard deviations of the
cell characteristics in a two-dimensional array format, one dimension






incoming light intensity (AMO spectrum), The program then produces
plots of the various electrical parameters of interest, with either
incident intensity or cell temperature as the independent variable,
as shown in Figs. 1 to 14. Least square fits to the data points are
then made automatically to the measured data pia nts using a second-
degree polynominal for most parameters. The curve factors, AMO effici-
encies, Voc and Vmp data points are not fit but interconnected from
point to point. In addition, the program calculates the temperature
coefficients of the pertinent cell electrical parameters of interest,
using the aforementioned curve fits, and plots these as a function
of temperature, with intensity as a parameter, as shown in Figs. 15
through 18.
The figures are intended to be working artifacts; that is, they
are formatted in such a way that they can supply information of a general
nature or may be used to generate predictions, comparisons, computer
input data, etc. To facilitate comparisons and inputting, all units
are standardized as follows:
(1) All currents are in units of mA/cm2.
(2) All voltages are in units of mV.
(3) All power outputs are in units of mW/cm2.
(4) All curve factors are in dimensionless v^its.
(5) All efficiencies are in percentages and are based on
total cell area.
(6) All temperatures are in oC.
(7) All incoming intensities are in units of mW/cm 2
 and are
representative of an AMO spectrum.
(8) All geometric dimensions are in units of cm or pm (whichever
is most convenient conceptually).
The tables included in this report contain complete numerical
information with respect to the average values of the following solar
cell electrical parameters: Ise, Voet IpmaxP Finaxr CF, and efficiency
at each intensity-temperature combination. For each such parameter at
each such intensity-temperature combination, the standard deviation is
presented to provide estimates of statistical validity. All efficiency,
current, and power output data is on the basis of unit area derived by
dividing measured output by total cell area.
The Spectrolab K7 type of solar cell is a commercially available
cell which is used for space applications. Other space-qualified solar
cells in the K series included such features as polished surfaces,
back surface reflectors, and other thicknesses. These other types
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-160	 -110	 -60	 -10	 40	 90	 14
TEMPERATURE, DC
ID	 mM/cm l	SPECTROLAB TEXTURED, BSF, BSR
A	 5.0
	
N/P 10 OHM-CM CG SILICON
B	 15.0
	 2 X 4 X .029 CM
C	 25.0
	 AL-TI-PD-An BACK CONTACT
D	 50.0
	 TI-PD-AG FRONT CONTACT
E	 100.0











































N/P 10 OHM-CM CG S LICON
8	 15.0	 2 X I X .029 CM
C	 25.0	 AL-TI-PD-AG BACK CONTACT
!	 D	 50.0	 TI-PD-AG FRONT CONTACT
E	 100.0	
TA205 AR COATINGF	 135.3
G	 250.0	 NO COVERSIIDE
SAMPLE SIZE 8




































-60	 -10	 40	 90	 140
TEMPERATURE, OC
ID	 TN/cipt 	SPECTROLAB TEXTURED, BSF, BSR
A	 5.0
	
N/P 10 OHM-CM CG SILICON
P	 I5.0
	 2 X 4 X .029 CM
C	 25.0
	 AL-TI-PD-AG BACK CONTACT
D	 50.0	 TI-PD-AG FROI:T CONTACT
E	 100.0	































-160 -110 -60	 -10	 40	 90	 140
TEMPFRATURE,	 DC
ID mN/ce r SPECTROLAB	 TEXTURED,	 BSF,	 BSR
A 5.0 N/P	 10	 OHM-CM	 CG	 SILICON
B 15.0 2	 X	 4	 X	 .029	 CM
C 25.0 AL-TI-PD -AG BACK	 CONTACT




05.3 TA205	 AR	 COATING







































160	 -110	 -60	 -10	 40	 90
TEMPERATURE, OC
ID	 mW/cm 2	SPECTROLAB TEXTURED, 9SF, BSR
A	 5.0	 N/P 10 OHM-CM CG SILICON
8	 15.0	 2 X 4 X .029 CM
C	 25.0	 AL-T!-PJ-AG BACK CONTACT
D	 50.0	 TI-PD-AG FRONT CONTACT
E	 100.0

























	 -60	 -10	 40	 90
TEMPERATURE, DC
ID	 0/co l
	SPECTROLAB TEXTURED, BSF, 8SR
A	 5.0
	 N/P 10 OHM-CM CG SILICON
B	 15.0
	 2 X 4 X .079 .M
I	 C	 75.0
	 AL-11-PD-AG BACK CONTACT
D	 50.0	 TI-PD-AG FRONT CONTACT
E	 100.0
	



























































SPECTROLAB TEXTURED, BSF, BSR
N/P 10 OHM-CM CG SILICON































^Y7 i	 ^. it	 1~ .i' ^+ +T ^l + 1i 1 ^1T i l l r^
r	 0	 50	 100	 150	 200	 250	 300
SOLAR INTENSITY, mw/cm2
ID	 °C	 10	 cc	 SPECTROLAB TEXTURED, 6SF, aSR
A	 -150.0	 1	 .0	 N/P 10 OHM-CM CG SILICON
0 -140.0	 J	 20.0	 2 X 4 X .029 CM
C -120.0	 K	 40.0
	 AL-TI-PD-AG BACK CONTACT
D -100.0	 L	 60.0	 TI-PD-A6 FRONT CONTACT
E	 -60.0	 M	 80.0	
TA205 AR COATINGF	 -60.0	 N	 100.0
6	 -40.0	 0	 120.0	 NO COVERSLIDE
M	 -20.0	 P	 140.0	 SAMPLE SIZE 6
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I
10	 IC ID °c SPECTROLAB	 TEXTURED,	 BSF,	 BSR
A	
-160.0 1 .0 N/P	 10	 OHM-CM	 CG	 SILICON
B	 -140.0 J 20.0 2	 X	 4	 X	 .029	 CM
C	 120.0 K 40.0 AL--TI-PD--AG	 BACK	 CONTACT
D	 -100.0 L 60.0 TI-PD-AG	 FRONT	 CONTACT
E	 -80.0 M 80.0
F	 -60.0 N 100.0 TA705	 AR	 COATING
6	 -40.0 0 120.0 NO	 COVERSLIDE
M	 -20.0 P 140.0 SAMPLE	 SIZE	 8














P 10 OHM-CM CG SILICON






8	 -140.0	 J	 20.0
C	 -120.0	 K	 40.0
D	 -100.0	 L	 60.0
E	 -60.0	 M	 80.0
F	
-60.0	 N	 100.0
G	 -40.0	 0	 120.0
H	 -20.0	 P	 140.0
Figure 10. Average IMP /cm 2



































5	 10	 2	 5	 100	 2	 5	 1000
SOLAR INTENSITY, mW/cm2
ID	 8C	 SPECTROLAB TEXTURED, BSF, BSR
1	 .0	 N/P 10 OHM-CM CG SILICON
J	 20.0	 1 X 4 X .029 CM
K	 40.0
	 AL-TI-PD-AG BACK CONTAI.T
L	 60.0	 TI-PD-A6 FRONT CONTACT
M	 80.0	
TA205 AR COATINGN	 100.0
0	 120.0	 NO COVERSLIDE
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50	 100	 150	 200	 250	 300
SOLAR INTENSITY, mW/cm2
	ID 	 1C	 SPECTROLAB TEXTURED, BSF, 8SR
	
1	 .0	 N/P 10 OHM--CM CG SILICON
	
1	 20.0	 2 X 4 X .029 CM
	
K	 40.0	 AL-TI-PD-AG BACK CONTACT
	



































5 -140.0	 J	 20.0	 2 X 4 X .029 CM
C -120.0
	
K	 40.0	 AL-TI-PD-AG BACK CONTACT
D	 - IOC.O	 L	 60.0	 TI-PD-AG FRONT CONTACT
E	 -80.0	 M	 80.0






H	 -20.0	 P	 140.0	 SAMPLE SIZE 8






























11C I D 8C
A	
-160.0 1 .0
8	 -110.0 1 20.0
C	 -120.0 K 10.0
D	 -100.0 L 60.0
E	 -60.0 M 60.0
F	 -60.0 N 100.0
G	 -10.0 0 120.0
H	 -20.0 P 110.0
150	 200	 250	 300
INTENSITY, mW/cm2
SPECTROLAS TEXTURED, 65F, BSR
N/P 10 OHM-CM CG SILICON






Figure 14. Average AMO Efficiency as a Function of Intensity
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SPECTROLAB TEXTURED, BSF, BSR
N/P 10 OHM-CM CG SILICON
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-160 -110 -60 -10 40	 90 140
TEMPERATURE, DC
10 TM/ce , SPECTROLAB	 TEXTURED,
	
BSF, BSR
A 5.0 N/P	 10	 OHM-CM	 CG	 SILICON
R 15.0 2	 X	 4	 X	 .029	 CM
25.0 AL-TI-PD-AG BACK CONTACT






G 250.0 NO	 COVERSLIDE
SAMPLE
	 SIZE	 8
Figure 17. Absolute Pmax Temperature Coefficient
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60	 -110 -60	 -10	 40 90	 14
" .V	 AL-TI-PD-A6 BACK CONTACT
I	 0	 SO.0	 TI-PD-AC FRONT CONTACT
E	 00.0	





Figure 18. Percent Pmax Temperature Coefficient
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Table 1. Average Short-Circuit Current, (nA /,;m2
SP( fIROLA1 14
 TfuTURED• 8S(9 NSR
NIP 10 ('HP-CM CC SILICON





SAMPLE SIZE P	 TM-44
CELL TEMP.	 SOLAR IK7fASIYV (M n /CM..2)
(DEC. C)	 5e0C	 15. 00
	 2`..41.	 e_C.L1	 1:(.jo	 131,9 36
	
1`.._.•.^
-16L.Of 10311 4.15 E.P7 1'.514 27661 37.31
(.1.4) (.1 G) (.IF1 (.331 (073) (. 8 3)
-14C.3f 1.41 4.2C 1'.98 13.P.7 Fr. 114 31'. ih
f.U4) (.11) (e2C) (.4r) (9143) (.Q3)
- 12 6.0" 1.43 4.26 7.11 14.14 21+. 71• 34ke9f
(.U4) (.11) (.211 (.4i) I.H3) (1.	 1)
-10P.CG 1.45 40.38 7.24 14.11C 29.39 34.62
(.L4) (.11) (.2L) (.311) 4.02) (.144)
-80930 1.411 4.44 7.39 14.76 ?9.92 3Q.147
(.L'4) 1.IG) 4.16) (.34) (073) (.82)
-6 1.50 4.4b 7.56 1`.^U 3-1.33 4,. 5b
(.U3) (.J9) (.17) (.32) (.671 10-21
-4^ 0 00 1.52 4.5` 7.58 1V.15 3u. 71 41.2E
(.J3) 1.U9) (.11.) 1.291 1066) 4.71,)
-2J.00 1.54 4.(1 7.6b 1°.36 31.:.9 41.73
(6ii3) (.J9) (.16) (.28) (066) (.5!,)
.01 1.55 4.67 7.75 1!,.64 31.36 42.27
(.U3) (.191 f.16) (.29) (.b7) 1.661
2C.00 1.56 4.71 7.81 1`,.7n '1.69 42eA4
t.U3) l.Iki) (.141 (.21) (.66) (.6Q)
4C.00 1.°8 4.77 7.86 15.V1 32.:•4 43.13
(.;3) (.u7) (.16) (.28) (069) (.71)
6G.0C 1.59 4.142 7.96 1`-.Q8 3:.24 43.43
f.U3) (.1149) (.16) (.27) (.7j) 4.73)
8 1 .00 1.61 4.85 b.L3 1c.16 '2.51 43.91
(.0) 4.J9) (.16) (.a9) 1.):) (.76)
101.GG 1.62 4.95 beIJ9 16.34 32.A4 44.12
(.03) fell) (e16) (.27) to") (.73)
12C.0C 1.63 4.99 14.21 1(1.48 33.21 44.h1
t.%`3) (.U9) (.15) 1.281 f.77) (.14)
14C.UC 1.64 5.C2 b.25 16066 33.2 45.57
(e43) (.U9) (.16) (.29) (.71) (.72)






























t Table 2. Average Open-:ircuit Volta.-e, mV
SFECTPOLAR TFXTI)REC• HSf. PSR
N/) 11 0 ►+r-C M rf• SILICON
4 x .f2° CM
AL -TI -PO-AG BACK CONT ACT
T1-PD-Ab FRONT CONTACT





CELL	 TEMP. SLAP	 INTENSITI!	 1046/CM..: )
fPE4.	 CI '_.UP 15.rb 2`_.G:, t:1.00k, 1'r.1'` 135.3'. 25'.x.
-]6	 •."t 811S.62 93C.G9 944.47 Qb3.t' 96;.14 9bb.:9 573.24
42'.71) (2.90) 42.20) (201:) t1.98) (1.b2) (1.93)
-14t.C4' 8'h.64 895.66 9;46b7 91`-072 925.44 929.77 93t1.2C
(13.11) (40E6) 139051 f..4;/ (2011) (1.67) (1659)
-la	 •C:' P21.!i P54.4' P64.If• P70;.91 Ph/.M9 892.39 91.2.4'
4P.44) (4.39) (3.46) (3.12) (2.19) (2.2P) 41.6b)
-1:'	 .'.` 179.25 011.61 021019 635.74 848.81 854.29 865.1E
47.45) (!-.09) (4037) (3.21) (2.b3) 42.%1) 12.1!')
-M...' 737.',9 760.79 7/4.49 793.64 8.9.22 F15.32 P[7.32
(6.6'1 44.5.") 44.14) (3.38) (2.31) 12.'11 42.13)
4.9:.99 722009 73t.91 7C.2 .9t 7F8.8" 714.95 7b9.1.5
45.bl) (4.36) 43.71) (2961) 12.35) (1.97) (2.17)
-4`.c • 646.55 4141..4 693.35 71;.55 727.61+ 755.21 744.t,1
(5.; "3) 13•bf,) 43.22) 42.75) (2.F9) (2.3h) 12.471
-2'•''' 59'1.9.°, b34.34 647._2 66b.76 b.`b.14 F,93.77 71..3'
(5.12) (3.21) (4.2.) (3.1P) (1.93) (2.87)
..' 151046 tt17.12 643..1 623.31 603.1-' 651.24 66M.51
(5.13) 43.33) (4.13) 13.31.) 11.21) 13.2A) 44.^6)
2 5(,'.25 541.9: °57.75 57P.69 599.79 6.9.3L 628.2
(4.66) (4.161 44.29) (4..3) (3695) (3.t1) 43.73)
4i.y',' 455.19 4Q4.32 511•.1 33.69 556.19 :bb. l'' `_6b.14
44.73) 15.1,1 44.47) cA.If5) 44.35) (4.L91 (3.9F)
6Z0C: 4r5.14 447•'1 464.4• 4be.L1 512.37 .`.22.34 544..'4
( 1 .19) 44.96) 45.UU) (5.-2) (4.87) (4.b!) 14.64)
8:.,;.1 355.35 '98.1v 41b.t4 441.51 467074 478045 561.3(
45.39) (5.24) (`,.67) 15.64) (`.34) (5.2(,) 14.95)
10	 .^ 3r4.97 349.24 361.01 39`...21 422.21 433.66 456.1-2
(5.56) 46.44) 46.31) (5.94) (S•9G) 45.77) 15.4t,1
12:.0 253.47 299.E1 321920 `41.6:: 376.11 388.31 413.77
46.12) 16.55) 47.32) (1.48) (E.3^) 15046) 15.71
14C..^C 2rt.17 148.49 264.b4 254.45 378.19 341.61 569.7'











NIP 1C	 GH14-CM C(.	 SILICON
2	 X 4	 N	 .P29 rM




SAMPLE SIZE 8 Tr-04
CELL
	
7[04P. SOLAR INTENSITY (My/CN- 2)
IDES.	 C1 5000 15.0( 25100 score 1rno0,, 1350311 2500f-
-16C.00 1.16 3.68 6.25 12.79 26.59 35.82 68.73
(.117) 1.23) (031) (.4O (.79) (.87) 11.63)
-14G.00 1.18 3.77 6.44 1'.17 27.1' 36.5b 7L.37
1.u8) (.21) (.29) (.47) 4.8r1 (1.U3) I1.R3)
-126.00 1.21 3.88 t.En 13.47 21.79 37.32 7.. 3c
f.U8) (o2C) 4.281 (.45) (.96) (1.116) (1.84)
-lOC.00 1023 4.02 b.77 1!.65 28.34 38."9 71.19
(.118) 1.16) 1.23) 4.4;) (982) 1.93) 11.791
-8Co00 1.27 4.11 b.93 14.14 28.8! 38.29 72.56
(.j7) (.15) (.2G) 1.37) (074) (095) (3.5.)
-6;.00 1.30 4.17 7.57 14.32 29.2'.1 38.69 73.42
(.u6) (.13) (.21) (.:4) (.69) (.82) 11.4Q)
-4U.CC 1.33 4.23 7.11 14.41 29.43 39.45 74.'.(
(.05) (.118) (.17) (.32) (.69) (.73) (099)
-20.Or 1.33 4.29 7.16 14055 29.66 39.65 74.39
f.C, 51 (.^9) t.lE) 32) (.b4) 1066) 11.1:)
.CU 1.36 4.31 7.20 14.69 29.66 39.b4 74.37
(.U4) (.119) (.15) (.2R) (.63) (.72) (.87)
20.00 1.349 4.33 7.23 14.62 27.74 39.91 74.26
(.)3) (.09) (.14) 1.25) 1.68) 1064) 11.11)
4C.00 1.44' 4.33 7.23 :4.61 20.86 39.91 74.39
(.u3) (.119) t.1P) (.24) (.69) (.65) (.75)
6Q.09 1.37 4.33 7.19 14.6f 29.66 39.79 73.74
4.63) (.11) (.If.) (.31) (.61) (.6b) (.Q1)
80.00 1.37 4.27 7.12 14.52 29.46 69.t.5 73.73
I. J2) (.^9) (.1b) (.31) (.7Z) (.52) (.Q1)
10C.00 1.35 4.2P 7.64 14.42 211.15 39.15 72.75
I.CS) (.12) (.16) (.28) (.b6) (.E3) (.1'21
120.06 1.32 4.21 6.99 14.14 28.9! 3869h 71.92
(.U4) (.U9) (.14) (.29) (055) 4.611) (076)
140.U0 1.25 4.03 6.73 13.95 29.1(, 38.12 7voZt'
f.02) (.10) (.14) (.25) (.55) (._'8) (1.^,4)
NOTE:	 STANOARO VEVIATICNS ARE GIVLN IN PARENTHESES.
Table 4. Average Maximum Power Voltage, mV
	 I^
SPECTkOLAP TIxTUREU• 8SF• FSR
Ni p
 1& OHM-CM CG SILICON
x 4 x . C29 CM
AE -TI -PD-AG PACs CONTACT
TI-PO-A6 FROAT CONTACT
7AZ05 AR COATI KG
NO COVEASLIDF
SAMPLI SIIf 0	 TM-44
CELL	 TE »P. SULAF	 INTEKSITV	 /MY/CM••2)
(DEG *	C) 54G9 15.(0 25.4c, 5, 0%)J I:t.0u 135.311 iS,.LI
-16 col I 697.62 834.P7 075.75 ,96.25 9	 6.75 912.h7 91,.37
(56005) 42b.10 (13.51,) 43.991 (3.331 14.;.91 14.411
-14...0 6,3050 ,:.4.07 b33.b. R66.6o 869.'G P74.P7
(45.86) 1211.921 19.4() (7.27) (4.5.') (4.11) 450f,6)
-120•^C 668.75 769.12 791.7) FLF.25 023.	 0 825.75 831.62
137.b9) (12.b9) (8033) f`.EG) (2645) (4.17) (1.15)
-1^:•CC 6b".5G 73u.ou 749.62 765.51 779.37 783.12 79	 .37
(25.29) (Iv.94) (7.9t) (6.16) ( 1.85) (4021)) (9.05)
-8".: 62'.62 tbb.87 7L4.12 717.12 736.51' 74jj.5r' 747.11
(17.31) 17.02) 16073) (4.^'1) (3.i6) (3.12) 4E.25)
-6	 UO 586.75 E39.5k. 657.37 F7`.12 69".75 b96.25 110iV
(11.4 0 (0.54) (3.34) (3.64) (3.411 (4.27) (7.13)
-4r.0P 543062 594.25 610.75 E28.37 b42.5t b51.Ie 656.12
17.621 (7.u1) 44.G6) (2.161 (l.i'C) (2.7.1 16.0:)
-2C•tC 5!'2.51 E47.b2 564.25 5b 3.37 598.5:1 6 1403 611.62
16.46) (6091) (4.1L1 f4.27) (1.41) (3.81) (h.48)
.GP 459.67 :CC.75 511.75 '37.37 554.75 559.7 567.37
(11.15) (5.12) 15.!6) 13.34) (3.85) (3.501 (E.aS)
0GJ 4"7.12 45305'1 471.7` 49107 51.'.62 516.37 525.71
(6,79) 17.56) (4.89) (3.07) (2.97) 13.201 (8.48)
4C.Lr 354.50 4 ;4. 75 422.75 444.62 4E•3.87 471.37 479.25
(5.10) (3.96) 13.4,) (3.78) (3."0) (3.74) 19.15)
6:.03 314.97 359.75 37b.P7 4r".C%^ 419.25 426.5' 437.75
14.521 14.50) (5.UL) (2.14) (1.83) (4.66) 17.44)
8;.CU 26907 '13.37 331.21 354.37 314.5! 3b3.37 .9105L
(6032) (5.76) (5.71,1 14.63) (3.30) 13.17) (9.12)
1J:.LC 221.62 260.12 2P4.54 319.25 329.r7 338.'j 353.15
(7.42:1 (4.;2) (4.34) (5.82) (3.64) 14.9!! (7.5G)
12:.00 179.75 221.87 241.12 265.25 2145.53 293.5.; 'f6.7b
(5.66) 15.89) (5.51) (3.691 (4.21) (4.34) 17.11)
14P.C? 139.62 181.12 197.12 22C.^C 243.7' 251.71, 265.t0
(5.85) (6.17) 1°.33) (3.05) 1506C1 f4.1:.) (6.93)
NOTE:
	
STANDARL	 GEVIATICNS ARE GIVEN	 IN FARENTMESES.
3 1 ^y+





N/P 11	 OHN-CM C(	 SILICON








SIZE R 700 - 44
CELL
	
T[14P. SOLA14	 1NTENSITr try1Cr..2 ►
(DEG.	 C) 5103 15.0 21.1,6 5L.UC 1,'.^	 ) 135.31 2!	 •^^
-16L.JC .91 3.r9 5.4f1 11.47 24.11 32.70 61.li
t.lr) 1.26) 1.34) (.4t) to 73) I.NP) 41.34)
.81 3.T4 5.37 11.22 23.5' 31.77 (1.5b
4.09) (.23) (.29) (.47) 10791 (.Q7) (1.3L)
-12^.QJ .91 20914 5.23 11J.A9 22.0`1 31 .92 1,r .5'
(.U9) 4.19) (.26) 1.43) (.82) (.S4) (1.21)
-10L.oC .Be 2993 5.(8 1C.L0 22.09 ?9ee3 50.33
(.07) (.15) 1.22) (.37) 1.66) I.FI) (.J•4)
-140.OQ .79 2082 4.89 11'.14 21.23 2x.35 54.2
(.1,6) (.13) (.17) 4.32) 1.56) f.J:5) 1.071
.76 2.66 4.65 9.67 23.17 27.;7 51.46
(.(:5) (.1J) (.15) t.2f+) (.47) 1.521 1.03)
-40.00 .72 2.52 4.34 9.L5 1A.91 25969 4x955
f.L4) (..:7) (.12) (.s2) (.41) 1.42) 1644)
-2r.00 .67 2.35 4.Q4 0`..44 1l. 75 23.96 45.4
(.J4) t.^1) (.12) t.i2) (.t7) 1.31) 1.t?)
.fin 063 2.It, 3.73 7.9, 11.45 2203 4[119
(.62) (.06) (.11) (.17) 4.33) 1.32) 4054)
21.U0 .56 1.96 3.4i 7.14 i5.IP 22:.63 310.1
(.02) 4.00) I60) (.17) 1.32) (.i7) 4.4,)
44.60 .50 1075 3.15 6.51' 13.81 19.91 35.65
4.1'2) (.^5) 4.19) (.1°-) (.35) (.25) 1.59)
6  .43 1.5E 2.71 F.64 12.43 16.97 3[.21
.1001) (.U5) (.09) 1.141 (.25) (.10) 1.531
R r .U3 .37 1.34 1.36 `.).1`. 11.113 15.16 2b.Q3
1.61) (.U4) 4.08) (.14) (.26) (.19) 4.6,')
10(• .5^ .31 1.15 ?.i i 46.4( 9062 13.13 24,.52
(.1'1) (.05) I.01 4.12) (.23) (.2^) 4.E})
120.UC . 24 .93 i.69 3 .75 9.27 11.44 22.('6
(.;17 (.1'4) (.07) (011) f.22) (.19) 4.64)
14C.0U .1! .73 1.33 3.1'7 6.9r 9.6. 1t..F1
(.41) 4.04) (006) (.10) (.21) (.IQ) 4.1,4)
NOTE: STANOAk n
 DEVIATIONS ARE GIVLN IN PARENTHrSES.
^j	 32
Table 6. Average Curve Factor
SPICTFOLAN v rxiu R tO• o v F • hSR
Mai 1^ OHM - CM CG SIL ICON
N • X .r:9 CM
A L- T I-PO-A6 PACI( CONTACT
T I -PO-A6 FRoNT CONTAr.T





10E1.	 C/ SOIAI,	 1NTf%SITY	 INS/CM•.21^.f0 15.^i 25.(' 51.^^ 1''f.1'V 135.30 2b^.(.l
-16:•L. •F6n9
(• ' `q`1












- 120.U^ •6M77 f191
.(•511 (•	 2231 1.01411 I.OL06) (•CbfV1(.^E.74) (.,414) (.ii77) .P79!(.')6S1 .1.446(.	 1.71 •Pe6•f.l:Uh4) .r.9i^





' P ^ • ^-
1.02.^1
•7216










' 6 ' • ^^ .7316
.0221 .8414 (.I ( Q 1	 ) 1.",6) (•' ^j61 1 .11121
1.
	 1 47) 1.02251 (.,13f) (.	 rq .0649
.1- 65 161.1 •, •e5?4

































( . ^ I	 7 )
.744
(..,k9i) (.r	 441 (..177) (o 1 364) 1.:159)
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.7482 1.	 1''3) I.	 ,.H9) (..,194)
Jq4
1.1:98) 1.^L89I (.,^"6) .1528(.^_b6) 1. • 118) 1."232)
.,^24
1.	 '1	 7) .6932 .7:53 .1196 7251 .7217 .luS3)
1'	 .tl
.191
(.uJ56) (.ul5i) (.l^481 (.•"'b5) (•	 1	 9) I	 ; 34.i)
(..	 9C)
•6643
1.!'	 51) .6731. .69:4 .(938 .6917 .t74412C.L0 •_`.742 •6247 (.C(51)•(352 I	 r'71 ^•`':"^1 1. • 12t,! 1.,,236)(.'!^ q ?) (.I ! u59) 1.1:44)
,y 6
1.1`42) .1619t.:^77) .657b .63A914	 .: J .5265
.5849
. X959
. (,152  (..1•,.) (.J2 6i)(.Cr" 65) 1.01121 (.,10c. ) ( , 1	 "51 (.'•09n92) •619 .595:2 (.r15a) I.C3:3)






Table 7. Average AMO Efficiency, Percent
oo,.
SPCCTNOL^B 711TUR[Do BSFe	 HSR
N/P 1C OHM-C • C6	 SILICON
" 1 4
	 x	 .r29 CM
AL-11-PD-AG BACK	 CONTACT
TI -PD-AG	 FRONT CONTACT
TA.- (15 AR	 COATING
NO COVERSLIDf
SAMPLE SITE P TM-44
CELL	 TEMP. SOLAR	 INTENSITY (14Y/CM••2)
(Of G.	 C) 5.00 15.30 25.60 5C.00 I"1.0, 135030 250.au
-160.00 16.26 2C.53 21.92 22.94 24.11 24.17 25.25
(1.96) (1.16) (1.37) 1090) (.13) 1.651 1054)
-14C.Or 16.19 2J.27 21.49 22.44 23.5: 23.48 24.62
tl.H7) (1051) (1.14) (.95) 1.791 (.72) 1.54)
-120.00 16.22 19.89 2U.93 21.79 22.87 22.78 23.41'
(1074) (1.29) (1.03) (.86) (.92) (.7U) 1.491
-10^600 16.04 14.57 20.31 21.21 22.09 22.05 22.53
(1.53) (1.11:) (.87) (.74) (.66) (049) 1.34)
-80.00 15075 18.82 19.5; 2,,.:9 21.23 21.95 21.66
(1.2C) (084) (.69) (063) (.56) (.48) (.27)
-60.00 15.21 17.76 16.58 19.34 20.17 20.01 20.5P
(.931 1.65) (.64) (.52) (.47) 1.38) i.251
-40000 14.44 16.77 17.37 111.10 18.91 18.99 19.42
(.74) (.44) (.49) (.44) 1.41) (.31) (.IA)
-20000 13.41 15.68 1L.16 1(.97 17.75 17.71 1f.29(.71) (.49) 1.461 (.43) (.37) (.23) 4.211
. 0 f, 12954 14.41 14.92 15.79 16.45 16.48 1t.hb
1.36) (.42) (.45) (.34) (.33) (.24) (.22)
20.00 11.21 13.08 13.62 14.38 15.18 15.24 15.62
(.40) (.44) 1.37) (.34) (.32) (.23) (.16)
40.0U 9.93 11.69 12.22 13.U0 13.85 13090 14.26
(.34) 1.54) (.37) (.30) (.35) (.19) (.93)
6 m .00 H.64 1U.39 1U.85 11.68 12.43 12.54 12.91
!.281 (.33) (.37) (.28) 1.251 (.14) (.21)
8:.00 7.41 8.93 9.44 1(1.30 I1.j3 11.21 11.57(.27) (.29) (.32) (.2A) (.26) (.14) (.24)
10%00 6.11 7.66 P.G1 Fd.92 9.62 9.78 1...21(.26) (.31) (.28) (924) (.23) 1.16) 1.25)
120.00 4.73 6.23 6.75 7.50 8.27 8.45 9.83
(.22) (.27) (.28) t.23) (.22) (.14) (.26)
140.00 3.49 4.96 5.31 6.14 6.86 7.09 7.45
1.19) (.26) (.24) (.211 1.21) 1.14) (.28)
NOTE:	 STANDARD	 DEVIATICNS
	
ARE LIVEN	 1N PARENTHESES.





























-3. Solar Cell Characterization Facility
At
	 •
Figure A-4. Solar Cell Envi ronmental Test Chamber
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